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Land Cover Change and Hydrologic Response

Introduction | In this exercise you will investigate the manner in which land cover changes bve
year period hae affected runoff processes in/around Denvep).

Goal Tofamiliarize yourself with AGWand the various uses and limitations of hydrolog
modeling for landscape assessment.

Assignment | Run the SWAT model orHiUClQvatershed in theMiddle South PlatteCherry Creek
HUC8and the KINER@®nodel on aHUC12using2001and2011NLCDand cover.

An Introduction to Land Cover Change Assessment

The basic tenet of watershed management is that direct and powerful linkages exist among spatially
distributed watershed properties and watershed processes. Stiwater quality changes, especially

due to erosion and sediment discharge, have been directly linked to land uses within a watershed. For
example, erosion susceptibility increases when agriculture is practiced on relatively steep slopes, while
severe alterabns in vegetation cover can produce up to 90% more runoff than in watersheds unaltered
by human practices.

The three primary watershed properties governing hydrologic variability in the form of raimfeiff
response and erosion are soils, land covad topography. While topographic characteristics can be
modified on a small scale (such as with the implementation of contour tillage or terracing in agricultural
fields), variation in watershedcale hydrologic response through time is primarily due @nges in the

type and distribution of land cover.

Watershed modeling techniques are useful tools for investigating interactions among the various
watershed components and hydrologic response (defined here as rainfalff and erosion

relationships). Physallybased models, such as the KINEmatic Runoff and EROSion(Kid#eROS2;

Smith et al., 1995; Semmens et al., 2008; Goodrich et al., 2012; www.tucson.ars.ag.gov/kireros)
designed to simulate the physical processes governing runoff and erosiosubsédquent sediment

yield) on a watershed. Lumped parameter models such as the Soil & Water AssessmERWWAD]

Arnold et al., 1998; Arnold and Fohrer, 2005; www.brc.tamus.edu/svea/ useful strategic models for
investigating longerm watershed reponse. These models can be useful for understanding and
interpreting the various interactions among spatial characteristics insofar as the models are adequately
representing those processes.

The percentage and location of natural land cover influencestheunt of energy that is available to

move water and materials. Forested watersheds dissipate energy associated with rainfall, whereas
watersheds with bare ground and anthropogenic cover are less able to do so. The percentage of the
watershed surface thas impermeable, due to urban and roadrfacesjnfluences the volume of water

that runs off and increases the amount of sediment that can be moved. Watersheds with highly erodible
soils tend to have greater potential for soil loss and sediment delivesiréams than watersheds with
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non-erodible soils. Moreover, intense precipitation events may exceed the energy threshold and move
large amounts of sediments across a degraded watershed (Junk et al., 1989; Sparks, 1995). It is during
these events that humaimduced landscape changes may manifest their greatest negative impact.

The Study Area
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Figurel. Location Map of the study area, ne@enver, Colorado

Thisexerciseexamines the effects dand cover changen the hydrology of a particulavatershednear
Denver, Coloraddlhe results disclosenmediatechanges to the hydrologic regime that are attributable
to developmentand land cover change

Getting Started

StartArcMap with a new empty map. Save the emptgtp document asutorial _SouthPlattein the
CAAGWAworkspacatutorial_SouthPlattedirectory (The default workspace location will need to be
created by clicking othe Make New Folderbutton in the window that opens.)

TIP Alwaysuse a meaningful name to help identify the map document. Map documents can be saved
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anywhere, but for project organization and to help navigate to the project workspace via the ArcCatalog

window in ArcMap, we suggest saving the map document in the \padeslocation.

ol AGWA Preferences l = 5
AGWA Home Directory® CAAGWAY
AGWA Temporary Files Directory”™ CNAGWAMemp™, E
AGWA Tools —
Default \Workspace location CAAGWANworkspace tutorial_South IEI
“Required | 0K | | Cancel | | Help |

If the AGWA Toolbars not visible, @rn it on by selectin@:ustomiz@ Toolbars> AGWA Toolbaon the
ArcMap Main Menu baitOnce the map document is opened and saved, seHbme, Temp, and
Default Workspaceirectories by selectingGWA eferencedrom AGWA Tools Other Optionson
the AGWA Toolbar

1 AGWA Home Director€\AGWA
1T AGWA Temporary Files Directo@A AGWA temp\
1 Default Workspacécation C\AGWAworkspaca tutorial_SouthPlate\
The default workspace location will need to éreated by clicking othe Make New Folde

button in the window that opengf you did not create it when saving the map document earlier

The Home directory contains all of the leoj tables, datafiles, models, and documentation requir
for AGWA to ru. If this is set improperly or you are missing any files, you will be presented with
warning that lists the missing directories or files that AGWA requires.

The Temp directory is where some temporary files created by AGWA will be placed. You may \
routinely delete files and directories in the Temp directory if you need to free up space or are
interested in identifying the temporary files associated with your next AGWA use.

The Default Workspace directory is where delineation geodatabases wilbtsaldiy default. This
can be a helpful timesaver during the navigation process if you have a deeply nested directory
structure where you store AGWA outputs.

GIS Data

Before adding data to the map, connections to drives and folders whereadatiored must be

SaidlofAaKSR AT (KSe& KI @S y2G 06SSy I fNBFRed ¢2

I.+.l

click on theAdd Databutton “=* below the menu bar at the top of the scredn.the Add Data form that

opens, click th&€onnect to Foldebutton andselectLocal Disk (C:)

Navigate tathe CA\AGWA gisdata tutorial_SouthPlatté folder and add the following datasets and
layers:

1 demflOm¢ Filled digital elevation model (10@RID
1 facgl0mg Flow accumulation grid (B@ GRID
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fdg10mc¢ Flow direction gri10 m)

hillshade10m¢ Hillshade (10m GRID)

huc12.shpg 12-digit HUCSor the Cherry Creek Watershed
NHD_flowLine_withDigitized.shg NHDPIus stream network with defined flow direction
nlcd200QL ¢ Classifieddnd coverfrom 2001(30m GRID)

nicd2011 ¢ Classifieddnd coverfrom 2011(30m GRID)

outlet_ KINEROS.shpPiney Creek watershed outlet

outlet SWAT.shgg, Upper Cherry Creek watershed outlet

pcp_gageshpg SWAT rain gages

ssurgo_PineyCreek.shpSoil Survey Geographic Database for Piney Graeirshed
statsgo.shpg State Soil Geographic Database for the Cherry Creek watershed
SWAT_pcp1990.csyunweighted daily precipitation data for SWAT

= =4 =4 4 -4 4 -4 -8 -4 -8 -8 -4

You will also need to add the following files from theAGWA datafiles\ folder:

T lc_lutsmric2001 lut.dbf ¢ MRLC lockip table for 20 and 2A.1 NLCD land cover
1  wgn\wgn_us83.sh; Weathergenerator stations for SWAT

You may want to collapse thegends and rearrange the ordef the layerdo better see what is going
on. Click on the minus box next to thedayname in theTable of Contentso collapse the legendr
right-click on the Layers dataframe and sel€allapse All Layer<lick and drag the layers by their
names inTable of Content$o rearrange layer ordetf you cannot rearrange the layer order, you may
need to select the.ist By Drawing Orddbputton in theTable Of Contents

Table Of Contents 1 x
!—1 &2 \E' g

‘ List B-‘ Drawing Order ‘

To better visualize the different land cover types and associate the pixels with their classification, load a
legend into thenlcd2001 andnlcd2QL1 datasets. To do thisight click the layer namef the nlcd2001

datasetin the Table of Contentand selecPropertiesfrom the context menu that appears. Select the
Symbologytab from the form that opens. In thBhowbox on the left sid of the form, selectnique

s
Valuesand click thdmport buttonlﬁl on the right.Click the file browser buttomavigate to and
selectCA\AGWA datafiles\renderers nlcd2001lyr andclick onAdd. Aick OKto apply the symbology
and exit thelmport Symbologyform. Click orApply in the Layer Propertiesorm and then orOKto exit
this form.
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A 5
Layer Properties ‘ ﬂ] Import Symbalogy - u—J@ e
| General | Source | Key Metadata | Extent | Display | Symbology | Fields | Joins & Relates|
Show: Fo— = _
Draw raster assigning a color to each value i s Hed2001 -
Classified
Stretched Value Field Color Scheme
Discrete Color
(e ") . -
Symbol  <VALUE> Label Count  *
I <2l other values> <all other values>
<Heading> E
I :: 11 5196
I 21 131083
[k 2 167385
[ EE] 23 102391
I+ 24 41524
r \PS [ 31 1270
I av  inne= 2
.‘ iy ﬂ [ addal vayes | [ addyales... Remove
et
oot sl Dscly tebsta = (T

Thenlcd20d andnlcd2Q11 datasets have the same legend and classification, so repeat the same
procedure for thenlcd2(11 dataset.

Part 1. Modeling Runoff at the Basin Scale Using SWAT

In Part 1you will evaluate the impact of land use change from2@02011 using the National Land
Cover Database (NLCD)tbe Cherry Creelatersheddown to the Cherry Creek Reservosing the
SWAT modeWatershed delineation, discretization, and parameterizatidh be covered, along with
precipitation input file preparation, model execution, and results visualization.

Step 1: Delineating the watershed

1. Perform the watershed delineation by selectif@WATools> Delineation Options> Delineate
Watershed
DESCRIPTIQIN the Delineatorform, several parameterare definedincluding the output location
the name of the delineationthe digital elevation model (DEMhe flow direction grid (FDG), the
flow accumulation grid (FACG), the watershed outlet location, and a search radius from the outlet
location which AGWA will use to locate the most downstream location to use as the watershed

outlet.
o= Delineator l_ l = 3
Output Location Outlet Identification

Workspace:  kspace tutonal_SouthPlatte’ 535 User-Defined | Poirt Theme

Select a watershed outlet from a point
Geodatsbase: d feature class.

Input Rasters [outlet_SWﬁT h ]

|DEM [FD | FA | Stream Network

. X: 513658.38
A Flow Accumulation (FA) raster
represents the accumulation of runcff for a v 4387511.12
DEM. Click Create if it does not exist.

Snap Radius: 0

facg10m v] ’ Create ]

[ Delineste | [ Help || Close

Ready
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1.1. Output Locationbox
1.1.1.Workspacetextbox navigate to and selefdreate
CAAGWAworkspacatutorial _SouthPlatté
DESCRIPTIORhe workspace specified is the location on your hard drive where the
delineated watershed is stored as a feature class in a geodatabase.
1.1.2. Geodatabasdextbox enter d1
NOTE: You will be required to change the name of the geodatabase if a geodatabase with
the same name exists in tteelectedworkspace.
1.2. Input Rastersbox
1.2.1. DEMtab: selectdemf10m (do not click Fi)l
1.2.2.FDtab: selectfdgl0Om (do not click Creafe
1.2.3.FAtab: selectfacglOm (do not click Create
1.2.4.Stream Gridab: do nothing
1.3. Ouitlet Identificationbox
1.3.1.Point Themdab: selectoutlet SWAT
1.3.2.Click theSelect Featuréutton andclick and drag taraw a rectangle arounthe
point.
NOTE The selection is restricted to the selected pgdimeme. If more than one point
exists in the selected point theme and the drawn rectangle intersects multiple points, the

first intersected point in the point theme attribute table will be selected.
1.4. ClickDelineate

1.5. Save the map document and continueth® next step.
At this point, the Cherry Creek watershed is delineated geodatabase nametl at the workspace
location selectedinside the geodatabase, a feature class, also nadiethat represents the delineated
watershed has been created and thelexted outlet point, whether usedefined or selected from an

existing point theme, will be copied into a separate feature class natfiedoint The discretization
created next will also be stored in the geodatabase.
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Q tutorial_SouthPlatte.mxd - ArcMap o S

File Edit View Bookmarks [nsert Selection Geoprocessing Customize Windows Help
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Step 2: Discretizing or subdividing the watershed
2. Perform the watershedliscretizationby selectingAGWATools> Discretization Options Discretize
Watershed.
DESCRIPTIQIN the Discretizer form, several parameters are defined including the model to use,
the complexity of the discretizatig the name of the discretization, and whether additional pour
points will be used to further control the subdivision of the watershed.
2.1. Delineation selectd1\d1
2.2. Model: selectSWAT2000
2.3. StreamDefinition Methodology. selectThresholdbased
2.3.1. Thresholdbased selectCSAdcreg
2.3.2.Threshold enter 5855.23
2.3.3.Percent Total Watersheddo nothing (Note: this value will change when we change the
threshold)
2.4. Internal Pour PointdMethodology. selectDefault
2.5. Discretization Nameenterd1sl

www.tucson.ars.ag.gov/agwa
www.epa.gov/waterresearch/automateejeospatialwatershedassessmenagwatool-hydrologiemodelingand-watershed


http://www.tucson.ars.ag.gov/agwa

2.6. ClickDiscretize

ot Discretizer - = |5 &1
Delineation:
a8t -
Delineation Info: v
Model:
[swaT2000 -

Stream Definttion Methodology:
[ Threshold-based -

Threshold-based:
[c5A (aores) -
Threshold:

5865.23 =
Percent Total \Watershed:

2.50 =

Enforce CSA

Intemal Pour Points Methodology:
Defautt -

Discretization Name:
dlsl

[ Discretize ] | Help | | Close |

Ready

2.7. Save the mapacument and continue.

Discretizing breaks up the delineation/watershed into model specific elements and creates a st
feature class that drains the elements. The CS&amtributingChannelSource Aregis a threshold
valuewhich defines first ordechannelinitiation, or the uplandarea required for channelized flow tq
begin. Smaller CSA values regukh more compx watershed, and larger CSA values result in a lg
complex watershed. The default CSA in AGVéAatis 2.5% of théotal watershedarea. The
discretization process created a subwatersheds layer with the rearbeatersheds_d1sand a
streams layer namestreams_d1slin AGWA, discretizations are referred to with their
delineationgeodatabase name as a prefix followed by the discritimaname given in the
Discretizeform, e.g.d1\d1sl1
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Step 3: Parameterizing the watershed elements for SWAT
3. Perform the element, land cover, and soils parameterization of the watershed by selaGMG
Tools>Parameterization Options Parametrize
3.1. Input box
3.1.1.Discretization selectd1\ d1s1
3.1.2. ParameterizationName enter p200L
3.2. Elementsbox
3.2.1. Parameterization selectCreate new parameterization
3.2.2.ClickSelect OptionsTheElement Parameterizefiorm opens.
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r ~
o5 Element Parameterizer l = i?—]

o-l Parameterizer =NRCIE X Discretization  d1d1s1
Hydraulic Geometry Options
Input
) o Default hd
Discretization: |d1"\d1s1 hd |
Parameterization Name: p2001| Relationship Name | Defaut
| Width (m) =
Elements Channel Depth (m) = 0.0502
Parameterization: |Create new parameterization hd
Select Options |
I—ptl 0 Channel Type
Default -
Land Cover and Scils
Parameterization: | -

San
IR0
- The selected discretization has existing parameterizations. Existing o
parameterization can be copied under a new name by selecting the eedy
existing parameterization from the drop down bax. Reaches
Channel Description | Default
Edit
Help | | Close
Continue | | Help | | Close |

Ready ...

3.3. In theElement Parameterizeform
3.3.1.Flow Length OptionsselectGeometric Abstraction
3.3.2.Hydraulic Geometry OptionselectDefault
3.3.3.Channel Typ&ox: selecDefault
3.3.4.ClickContinue You will be returned to th®arameterizerform to create the Land Cover
and Soils parameterization.

Element parameterization defines topographic properties of the subwatershed and channel
elements. The properties defined depend on the model, but examples of SWAT properties incly
mean elevation, max flow length, and average slope for subwatershed etsraed routing
sequence, average slope, and channel dimensions for channel elementdyditailic Geometry
Optionsset channel dimensions using relationships between channel contributing area and chal
depth/height. TheChannel Typeelection sets thenfiltrability, roughness, and for KINEROS2, the
armoring of the channel elements. The channel type parameters can vary from developed, con
channels with low roughness and zero infiltrability to natural, very weedy reaches with high
roughness and higimfiltrability. TheDefault Hydraulic Geometry Optionenless edited, is
equivalent to thewWalnut Gulch Watershed, A&lationship. Théefault Channellype unless edited,
is equivalent to theNatural channeltype.

3.4. Back in thdeand Cover and Soibox d the Parameterizerform
3.4.1.Parameterization selectCreate new parameterization
3.4.2.ClickSelect Options TheLand Cover and Soilsrm opens.
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3.5.

In theLand Cover and Soilsrm

r ol Land Cover and Soils l = i [ ol Land Cover and Soils l = -&-r
Discretization  d1'dls1 Discretization  d1%d1s1
Land cover grid: InlchDvDB V] Soils layer: Istatsgo ']
Look-up table:  [mic2001_iut - Soils database: | soidb_UUS_2002_statsgo_CO mdb]

I Help

I

I

Close I

Continue] I Help I I Close I

3.5.1.Land Covetab

3.5.1.1.Land cover gridselectnlcd20QL
3.5.1.2.Lookup table: selectmric2001_lut

NOTE:If the mrlc2001 lut table is not present in the combobox, you may have
forgotten to add the table to the map earlier. If this is the case, click o\ttt
Data button and browse to th&€A\ AGWA datafiles\Ic_luts\ folder and select the

3.5.2.Soilstab

3.5.2.1.S0ils layer selectstatsgo
3.5.2.2.So0ils databasenavigate to and select

mrlc2001 |ut.dbf, then select thenrlc2001 |ut table from the combobox.

CA\AGWA gisdata tutorials\tutorial_SouthPlattéd soildb_US_2002statsgo_CQ@lb

Land cover and soils paranegization defines land cover and soils properties of the subwatershe
elements. The properties defined depend on the model, but examples of SWAT properties incld
the dominant soil type/id, curve number, and percent cover for subwatershed elements.

3.6. ClickContinue You will be returned to th®arameterizefform where theProcesdutton will

now be enabled.

3.7. In theParameterizerform, clickProcess

www.tucson.ars.ag.gov/agwa
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Step 4: Preparing SWAT precipitation file s
4. Write the SWAT precipitation file for the watershed by seleci®@/NVATools> Precipitation
Options>Write SWAT Precipitation

st SWAT Precipitation Step 1 ===

Watershed Input

Discretization  [d1\dls -

Rain Gage Input

Rain gage point theme [DCDJEIQE Y]

Rain gage D field [9393”3 ']

Select Rain Gage Puints

Select the rain gage points & -F{ et
Selected Gages —
22 -

Elevation Inputs
[[] Use Elevation Bands

[Continue] [ Help ] [ Close

Swat Precipitation

4.1. SWAT Precipitation Stepfirm
4.1.1.Watershed Inputbox
4.1.1.1 Discretization selectd1\ d1s1
4.1.2.Rain Gage Inpubox:
4.1.2.1 Rain gage point themeselectpcp_gage
4.1.2.2 Rain gage ID fieldselectgagelD
4.1.3.Select RairfGage Pointdox
4.1.3.1 Click theSelect Featurdutton to select therain gage wittgagelD 22in the view
(the figure above leftdisplays the location of the gage). The id numi&r of the
selected gage will be displayed in tBelected Gagetextbox.
4.1.4.Elevaion Inputsbox
4.1.4.1 Use Elevations Bandsheckboxleave unchecked
4.1.5.ClickContinue
4.2. SWAT Uniform Precipitatioform
4.2.1.Write the *.pcp filebox:
4.2.1.1 Selected discretization themel1\d1s1
4.2.1.2 Selected rain gage point themecp_gage
4.2.1.3.Selected rain gage ID fielgjagelD
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4.2.1.4.Unweighted precipitation file selectSWAT_pcp1990.csv

4.2.1.5 Enter a name for the precipitation fiteenter 22
TIP Usingthe gage ID of the selected gage as the filename can help keep track of
the precipitation files in case other files are used to compare to in different

simulations.
4.2.1.6.ClickWrite.
I o5 SWAT Uniform Precipitation = —Ei— |
Write the *pep file
Selected discretization theme: d1\dls1
Selected rain gage point theme: pcp_gage
Selected rain gage 1D field: gagelD
U precipitation fils {SWATJQ‘D]BGBcsv 'I E]
| Enter a name for the precipitation file 2
I
. I Write ] I Help ] I Close I

The22.pcpfile will be Written to theCA\AGWA workspacaétutorial _SouthPlate\d1\d1s1 precip..
AGWA will look in this folder for available precipitation files when writing the model input files.

Step 5: Writing SWAT input files
Writing the model input filexreates a simulation directory and writes all required input files fer th
model. When writing the input fileAGWA loops througfeatures ofthe selected discretization and

reads the model parameters from the parameterization lagktables to write into the input files for
the model
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5. Write the SWAT input files by selectiAGWATools> Simulation Options> SWAT2000 Options
Write SWAT2000 Input Files

5

| 55 SWAT2000 Input Files (= et

H

Basic Inputs | Advanced Inputs {optional)
Watershed
Select watershed [d“‘ﬂﬂ ']

;' PARKER 9 E Parameterization
i Select parametization [DZOIN vl

Climate Inputs | Simulation Inputsl

Weather Generator
SclectWGN Theme | Wan_us83 -]
Selectsd Station(s) PARKER 9 E

[] Keep Temporary Thiessen/intersection Files

Precipitation
@ Use observed precipitation
[z -

() Generate precipitation from WGN station

Temperature
() Use observed temperature

@ Generate temperature from WGN station

Help ] [ Close

5.1. Basic Inputdab:
5.1.1.Watershedbox: selectd1\d1s1
5.1.2. Parameterizationbox: selectp2001
5.1.3.Climate Inputgab:
5.1.3.1.Weather Generatobox:
5.1.3.1.1Select WGN Themselectwgn_us83
5.1.3.1.2SelectedStation: PARKER E(see abovdigurefor location)
5.1.3.1.3Keep Temporary Thiessen/Intersection Filesmve unchecked
5.1.3.2.Precipitationbox:
5.1.3.2.1Use observed precipitatiarselect22
5.1.3.3.Temperaturebox: selectGenerate temperature from WGN station
5.1.4. Simulation Inputgab:
Simulation Inputs

Simulation Time Period
Start Date: Fiday . January 01,1999 [E~

End Date:  Wednesday, December 31,2008 [E~-

Select the Output Frequency
@) Daily () Monthly @ Yearly

Simulation Mame

Name of Simulation P2001
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5.1.4.1.Simulation Time Periothox:
5.1.4.1.1Start Date selectFriday, January 1, 1999
5.1.4.1.2End Date selectWednesday, December 31, 2008
5.1.4.2.Select the Output Frequendyox: selectYearly
5.1.4.3.Simulation Namebox: enter p2001L
5.1.5. ClickWrite.

Step 6: Executing the SWAT model
Executing thesWAT model opens a command window where the model is executed. By default, the
command window stays open so that success or failure of the simulation can be verified.

6. Execute the SWAT model for the Cherry Creek watershed by selda@GMGATools> Simulation
Options> SWAT2000 Options Execute SWAT2000 Model

(62 RunswaT =
Select the discretization: | gl T |
Select the simulation: | g2 e |

| Run | | Help | Close

6.1. Select the discretizationselectd1\ d1sl

6.2. Select the simulationselectp2001

6.3. ClickRun
A command window will open and show the execution of SWAT for the 10 year simulation
period. The commandindow will stay open so that successful completion can be verified.
Press any key to continue.

6.4. Close theRun SWATorm.
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